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Fig. 1. Image space showing the regions 6, o, € and o defined
in the text.
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Fig. 4. Error metrics ¢," (- --), €2 ( yand € (- - -) for an-
nular envelopes as a function of r, for (a) r; = 0 and (b) r, = r;/2.




Constraints: symmetry

There are two type of symmetry: crystallographic and
non—crystallographic symmetry.

Crystallographic symmetry holds true over the entire
crystal and gives relationships between the data but it
gives no new phase information.

Non—crystallographic symmetry only holds locally. It
is not trivially contained the structure factors, and
provides phase information
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Fig. 2. One quadrant of reciprocal (Fourier) space showing
the reciprocal lattice points (O), the Nyquist sample points for
|E(u,v))* (O and @), and the additional sample points that result
from threefold noncrystallographic symmetry (X).




Fig. 7. Error metrics €’ (---), €2 (
€® (- - -) as a function of N.
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Millane, T.0pt.So€. Am. A, 13, 725-73¢% (1996).
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The simulation

We used synthetic data from the cowpea mosaic virus
(cpmv), an icosahedral virus with a 320 A diameter.

Synthetic data:
* 5% (S/N) noise 0
* reflections up to 100 A missing

Two refinements:
* just ER cycles (reference)
* combination of ER and HIO

From 20A to 81& resolution
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HIO Algorithm

Millane € Stroud, T.0pt. Soc. Am. A, 1%, 568577 (1977

The hybrid input/output algorithm uses both the
constraint values and the estimate from the previous

iteration to improve the image

The object is to drive the reconstruction from fixed
points of the er algorithm
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Phase extension

Reconstruct image at low resolution

Include higher resolution amplitudes with random
phases and reconstruct higher resolution image.

Keep ‘stepping out’ in resolution bins until maximum
resolution is reached.

Missing reflections

Often the low order reflections are not measured

Obtain initial estimates of the amplitudes from the
mask

Optionally update these during refinement from
(improved) electron density estimates.




Results (error metrics)

20A
1

15A12A10A 8A

20A 15A12A10A 8A
1 | 1 1 1
S
@)
<+
2
G
o
0 1 1 L 1 i | 1 1
0 50 100 150 200 250 300 350 400
Cycle
20 15A12A10A 8A
—
£
)
O
/)]
<
en)
Q.
0 1 [ | i | ] 1 1
0 50 100 150 200 250 300 350 400
Cycle
20A 15A12A10A 8A
3 T
S 2 4
@)
o '
ea) % 0
v T 4Lk -
E ~2 i |
3 | L 'S S T | 1 ]
0 50 100 150 200 250 300 350 400

Cycle

ER

11

o L—1 i 1 ] 1 1 1 i
0 50 100 150 200 250 300 350 400
Cycle
20 15A12A10A 8A
120 — | I S

log(ey)

N 1 1 L A 1 | |

0
0 50 100 150 200 250 300 350 400
Cycle
QQOA; 15A12A10A 8A

| 1 i 1 1 i 1 !

100 150 200 250 300 350 400

Cycle

HIO




Results: contour plot
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